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Current Role:

i

EDFBlades SME for Performance & Reliability
Engineering, leading RCAs and improving long
term blade health and risk management.

Prior Roles/Work:

u

Windcom: Director of Eng. & Ops, Blade
Services.

SkySpecsSr. Blade Solutions Engineer, Blade
SME.

Envision Energylechnical Lead Structure
Design.

Wetzel EngineeringEngineering
Lead/multiple roles on projects for OEMs and
owner- operators.

Wind & Blades, 13Y:

u

Rotor blade product development &
engineering, testing, certification, advanced
technology R&D.

Blade inspections and monitoring, technical
support and structural integrity advisory

Composites repairs, blade repair tech training.

In-factory and wind farm inspections, RCAs
and NCR (nonconformance) dispositions.
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A Global Leader in LowCarbon Energy

EDF Group EDF Renewables EDF Renewables
North America

$1B 24 GW

developed

70+

years experience EBITDA Grid-Scale

$20.4 B 22 3&:3 GW

EBITDA operating countries Distribution -Scale

_ 15 GW Power
165,000 41300 pipeline

employees employees 35+ Solutione
37+ M 24 7 TWh years experience
- - greerll electricity Optimizéﬁgﬁt
clients worldwide 1 : 500.|_
employeeS as of 12/31/21
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EDF Renewables Global Capacities

15 . 6GW gross

as of December 2021

5 CORPORATE OVERVIEW /2022

Region

1.8GW
12%

@ North America
@ Asia Pacific
‘ Europe(except France)

2GW

2GwW
13%

2.2GW
14%

1.4GW
9%

@ France
LATAM
Middle East & Africa

Technology

.93 GW

4.7GW
30%

@ onshorewind @ Solar
@ Offshore Wind Sorage
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North
America
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EDF RenewableNorth America

® T

GRIDSCALE
POWER

Bigger projects.
Bigger impact.

Grid-Scale Power provides
origination, development, and
construction services for large-scale
wind (offshore and onshore), solar
power generation and storage
projects across North America.

Our team of leaders can solve
energy challenges facing businesses
and communities no matter the size
or complexity.

o

DISTRIBUTIONSCALE
POWER

Experienced. Reliable.
Integrated.

The Distribution-Scale Power team
provides industry-leading, cost-
effective development, engineering,
construction, and operations of solar
and storage projects.

Solutions are customized for utilities,
co-ops, landowners, communities and
institutions. Specializing in community
solar and environmentally sensitive
sites.

i

ONSITE
SOLUTIONS

Multiple solutions.
One point of contact.

Onsite Solutions are provided through
our PowerFlex subsidiary. Offering
onsite solar, battery storage, electric
vehicle charging, microgrids, and
energy management.

The suite of flexible, turnkey solutions
is designed for corporates, institutions
and other organizations to achieve
their sustainability goals and reduce
energy costs.

‘
~ S powerflex

EDF Renewables

Accelerate operational
excellence. Drive profit.

The Asset Optimization team offers a
full range of services for all phases of
renewable energy projects d
operations, management,
procurement, routine and emergency
maintenance, retrofits and upgrades.

Our experienced team of 400+ experts
means EDF Renewables is fully
equipped to manage the balance-of-
plant and day-to-day operations of
your wind or solar project.
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EDFRE Wind Assets INorth America

WTGs Major OEMs0 GE, Blades
Installed SenvionRePower In Service
(US & Canada) SWP/SGRE, Vestas
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EDF Blade Management Team

Performance & Composite Repair Asset Optimization,
Rellgbl_llty_ E_nglneerlng, Services, Technical Services
Multi-disciplinary Team Specialists & Lead Techs Support to Asset + Site

0 Systems, Analytics, Management
Reliability

¢
9 FLEET MANAGEMENT OVERVIEW / 2022 EDF Renewables © All Rights Reserved 2022. % + €DF

renewables




EDF Blade Fleet Management

)

WTGs Inspected, Multi-OEM blades Fleetwide, Annual
2017- 2022 Inspections since 2019
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Contents

1 . What i1s Data

Analytics & Al?

q
> -
~ < eDF
renewables

2 . Where Is Data

Coming From?

3 . How Is the
Data Useful?
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What is Data Analytics?

A Examiningraw data, identify trends, drawing conclusions.

A Simply:Lookingat (a)what happened (Descriptive}b) why
it happened (Diagnostic)c) what will happen (Predictivé
(d) what should be done next (Prescriptive).
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What is Al?

A Artificial Intelligence: Machindearning systemsor

algorithms mimic human intelligence anddecisior
making

A Alternatively Actionable Insights® Leveragingstructured

data & modelsto identify trends andraisealertdalarms
so that we cantake action.
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My HOBBY: EXTRAPOLATING

AS You CAN SEE, BY LATE

NEXT MONTH YOU'LL RAVE

OVER FOUR DOZEN HUSBANDS,
BETTERGETA
BULK RATE ON
WEDDING CAKE.

Procesdnvolves
1. Data collection
Organizing& cleansing T

PILE OF UNEAR ALGEBRA, THEN COLLECT

WHAT IF THE ANSWERS ARE WRONG?

Model formulation Y PR Lo RO

Number crunching mwmmmmfm

Derivingusefulinformation

Images Courtesy of:
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https://www.analyticsvidhya.com/blog/2015/12/hilarious-jokes-videos-statistics-data-science/
https://www.analyticsinsight.net/hilarious-data-science-jokes-on-the-web-to-lighten-your-mood/
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Blade inspections & repairs

SCADAQ performance, availability, operational losses
Service provider & blade inspection/repair cost database
Workflow management platform (MCRs, WOs, Logs)
Weibulls& component failure rate database

Technical OEM docs & RCA reports

**CBM sensors (still very nascent)

o To Do To Po To I
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EDF Blade O&M Database Focus

i

Damages & Defects Remediation & Cost

Reliability Centered
DecisionMaking

¢
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Blade Inspections

Data Toolbox:

A Visual inspections, dron@assistedor manualby technicians
A Taptest or Advanced ND® UT, XRay, Thermal.

Damage 1 Damage 2
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H-Cracks

Damage Progression & Repair Tracking

2020 2022

2019 2021

¢
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H-Cracks

Damage Progression & Repair Tracking

2020

2019 2021
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Blade Inspections

Data Value:

A Damage database and condition monitoring.
Critical damage progression.
Detect key defects and prevent its nerepairability.

o o I

Focus on highrisk assets to prescribe continuous monitoring solutions.
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Blade Inspections

Data Challenges:
A Consistent damageategorizationbasedon inspectionmethods

A Dependingon inspectionmethod, datamay lack consistency
A Sometimestoo much data or defectfindingsthat are non-critical
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Blade Repairs

Data Toolbox:
A RepairReports: Emailed PDF or Mobile Horms.
A Dailyprogressreports, PODs& work logs.
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H - C raC k Damage 1

Exploring Damage Depth/Extent

Initial
Condition

EXxposing
Damage

Expanding
Boundary

Layer&
Material 1D
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H-Crack

Exploring Damage Depth/Extent

Damage 2

Initial
Condition

EXxposing
Damage

Expanding
Boundary

Layer&
Material 1D
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Blade Repairs

Data Value:

Deeperextentof damagerevealed
RTS dispositions.
Annualblade maintenance planningbdudgeting & YoYtracking

Service provider performance &uality evaluations

o o Io Io I»

ldentifying reducing gap betweenactualsdvs estimates
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Blade Repairs

Data Challenges:

A Varyingresults reportssometimeslackingdetails

A Time lapsebetweenexecutedwork & report delivered

A Challengingto perform reaktime repair QC/QA to preventrework
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Blade Failure Modes &
Fallure Rates

Data Toolbox:

A Damage information, occurrencdrequency
A **EMEA
A **Weibulls& lifetime calculations
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Blade Failure Modes &
Fallure Rates

Data Value:

A Riskevaluation& failure forecastingd existingO&M budgets & pro-
formasfor future projects

A Evaluate tradeoff between risk & cost for inspection/repairs.

A Prescribe Riskased (RB) approach decision modelling
(repair/inspect)
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Blade Failure Modes &
Fallure Rates

Data Challenges:

A Structureddata, noteasilyaccessible taeviewand evaluate
A Lot of time spentreviewing cleaningre-categorizing
A No straightforwardwayto visualizedamage progression.
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Why are we focusing on data?

Reactive Preventative Condition-Based Predictive Prescriptive enpbNQ i : . :
@ Maintenance Maintenance Maintenance Maintenance Maintenance - P'E?‘;e"t:‘t“ée Ta'“‘;ﬁ'::e 'igtefr"ptiml Fix STumT-l;ltmg
g - efore It's Broken.. But it May Be Too Early or Too Late
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Data-Driven Maintenance |dentifies Trends and/or
Preset Conditions with Data to Predict & Prevent Failure

A Maturing blade management programs. Failure Occurs (F) @
. T Time
A Understandingdamage initiation,growth o .
& propagation to functionalfailure : L :
. . " § £ L v
A Tailorblade SHM tech solutions to e — |
ComplementRBmethods o°5° j_f ; A

Stress Intensity Factor Range, Al

https://blog.endag.com/differenceshetween-condition-based predictive-and- prescriptive maintenance EDF Renewables © All Rights Reserved 2022.: QEDF
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https://blog.endaq.com/differences-between-condition-based-predictive-and-prescriptive-maintenance
https://www.engineersedge.com/material_science/fatigue_crack_growth_analysis_review_10071.htm

Concluding:

A

A
A
i\

Standardization- Data
collection & representation.

Centralizationo Multi-

sourced data in single place.

Systematic approach to risk
guantifcation

Continuous Improvement®
Deriving most value from
data.
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Ken Lee

Sr. Fleet Engineed
Mechanical & Composites,
Performance & Reliability

Engineering, EDF Technical
Services

Phone: +1 (858) 5243398
Emailkken.Lee@edfre.com

edf-re.com




